Response-surface analysis of exposure-duration relationships: the effects of hyperthermia on embryonic development of the rat in vitro.
In developing exposure standards, an assumption is often made in the case of less-than-lifetime exposures that the probability of response depends on the cumulative exposure, i.e., the product of exposure concentration and duration. Over the last two decades, the general applicability of this assumption, referred to as Haber's Law, has begun to be questioned. This study examined the interaction of exposure concentration and duration on embryonic development during a portion of organogenesis. Embryos were exposed in whole embryo culture to various temperature-duration combinations and evaluated for alterations in development 24 h later. The specific purpose of the study was to assess whether the developmental responses followed Haber's Law, or whether an additional component of exposure was needed to model the relationship. The current study demonstrated that the response of the developing embryo to hyperthermia, with rare exception, was dependent on an additional component of exposure beyond the cumulative exposure. For the vast majority of the parameters measured in this study, the probability of an effect was greater at higher temperatures for short durations than at lower temperatures for long durations, given the same cumulative exposure. Thus, Haber's Law did not adequately describe the results of our study.